Abstract. Evidence suggests that the amplification of chromosome 20q13 is common in colorectal cancers (CRCs). Certain candidate oncogenes located in this region are reported to be associated with tumorigenesis of the gastrointestinal tract. The functional impact of such regions should be extensively investigated in a large number of clinical samples. In this study, 145 CRC samples with matched adjacent normal tissues were collected from a Chinese population for copy number variation (CNV) analysis. Our results showed that both the copy numbers of 25-hydroxy vitamin D3 24-hydroxylase (CYP24A1) and zinc-finger protein 217 (ZNF217) were amplified in a relatively high percentage of CRC samples (51.1 and 60%, respectively). The mRNA expression levels of both CYP24A1 and ZNF217 were found to have increased in the collected CRC samples as compared to the matched adjacent normal tissues. ZNF217, but not CYP24A1, showed a positive correlation between copy number increases and mRNA overexpression. These findings suggest the potential role of CNVs of certain oncogenes in CRCs.
Introduction
Colorectal cancer (CRC) is the third most common cancer in the Chinese population and causes approximately 130,000 deaths per year. The lifetime risk in the Chinese population is approximately 4.2%. Both genetic and environmental factors contribute to the disease etiology, with one-third of disease variance attributed to inherited genetic factors (1) . Chromosomal aberrations, such as deletions, amplifications and structural rearrangements, are hallmarks of cancer (2, 3) .
The implication of copy number variations (CNVs) in cancer has become a hot spot over the past few years (4) (5) (6) . Studies using single nucleotide polymorphism arrays and array comparative genomic hybridization (aCGH) have suggested that DNA amplification at the chromosome position 20q is common in CRCs (7) (8) (9) (10) . Gain of chromosome 20q is reported to correlate with lymph node metastasis in gastric cancer and poor clinical outcome in CRCs (11, 12) . Moreover, copy number changes in the chromosome 20q13.2 region correlate with the metastasis of CRCs (13) .
Chromosomal aberrations in tumors lead to DNA copy number alterations, with an associated gain or loss of genes crucial for tumor progression (14) (15) (16) (17) (18) . The majority of the aCGH experiments have focused on the genome-wide screening of CNVs, and the data obtained are generally informative, but not definitive. Thus, further molecular genetic experiments are necessary for validation. Mapping of the amplified region at 20q13.2 has led to the positional cloning and characterization of zinc-finger protein 217 (ZNF217) (19) and 25-hydroxy vitamin D3 24-hydroxylase (CYP24A1) (20, 21) , which are considered to be candidate oncogenes involved in CRCs.
ZNF217, a Rappel-like zinc-finger protein, is a candidate oncogene located at 20q13.2, within a region of recurrent maximal amplification. ZNF217 proteins localize predominantly to the nucleus and associate with proteins involved in transcriptional repression. The overexpression of ZNF217 in cultured human mammary and ovarian epithelial cells results in their immortalization (22) , indicating that selection for ZNF217 expression may drive 20q13.2 amplification during critical early stages of cancer progression. The inappropriate expression of ZNF217 may lead to the aberrant down-regulation of genes involved in limiting the proliferation, survival and/or invasiveness of cancer cells (23) . The CYP24A1 gene, also located at chromosome 20q13.2, encodes a member of the cytochrome P450 superfamily of enzymes. The CYP24A1 protein is considered to be the main enzyme determining the biological half-life of 1, 25-D3. The overexpression of CYP24A1 reduced local 1, 25-D3 availability and decreased its anti-proliferative effect. Thus, it has been identified as a potential biomarker for colorectal tumorigenesis (20, 24) .
In this study, 145 CRC tissues and matched adjacent normal tissues were collected for CNV analysis. The significance of the CNVs of ZNF217 and CYP24A1 in the colorectal malig-nancies were examined and the coexistence of copy number increases of ZNF217 and CYP24A1 in CRC compared to the adjacent normal tissues was noted.
Materials and methods
Patients and tissue collection. Colorectal cancer samples were obtained from 145 surgical patients at the Department of Gastroenterology, Shenzhen Hospital and Peking university. Adjacent normal mucosa samples located at least 2 cm from the macroscopically unaffected margins of the tumor (polyp or carcinoma) were defined as normal controls. A total of 134 tumors were found to be adenocarcinomas and 11 were mucinous carcinomas (when >50% of the tumor volume was composed of mucin). Colorectal cancers were staged according to the Dukes' classification system: Dukes' A (T 1 -T 2 , N0 and M 0 ; n=43), Dukes' B (T 3 -T 4 , N0 and M 0 ; n=39), Dukes' C (any T, N1-2 and M 0 ; n=48) and Dukes' D (any T, any N and M 1 ; n=15). Samples of colorectal carcinomas (n=145) and matched normal colonic mucosa (n=145) were subjected to real-time PCR analysis. CRC samples were collected from patients undergoing bowel resection. The collected samples were stored in liquid nitrogen. All 145 patients were informed regarding the intent of the specimen collection and provided signed written consent in accordance with the ethical guidelines of Peking university. Bone marrow samples from 152 healthy controls were also collected at the Peking university People's Hospital. The study was approved by the Ethics Committee of Peking university, Shenzhen Hospital.
DNA extraction and quantification of copy numbers. Genomic DNA was isolated from the tissues using the Genomic DNA Extraction kit (Innocent, Shenzhen, P.R. China) according to the manufacturer's instructions. Quantitative PCR was performed using the BioRad Chromo4 real-time PCR system. Average copy numbers (n=2) of RNAse P in normal candidates were used as the control (13) . The copy numbers of ZNF217 and CYP24A1 were calculated by using the comparative C(T) method. Cut-off values of 0.25, 0.75, 1.25 and 1.75 were used to define the copy numbers as 0, 1, 2 and 3, respectively. The primers were: RNAse P, forward 5'-AGA CTA GGG TCA GAA GCA A-3' and reverse 5'-CAT TTC ACT GAA TCC GTT C-3'; CYP24A, forward 5'-ATA TCC AAC TCA GGG AAG CG-3' and reverse 5'-GAA GAT GGT GCT GAC ACA GG-3'; and ZNF217, forward 5'-TCC ATA GAG CAA GGG TAA TCC-3' and reverse 5'-TGC CAA CAG ACT GAT CTC AA-3'.
The fold change of each sample was presented as: fold change = relative expression level/average expression level in the group with two copies of DNA.
RNA extraction and real-time PCR.
Total RNA was isolated from tissues using the AxyPrep™ Blood Total RNA MiniPrep kit (Axygen) according to the manufacturer's instructions. First strand cDNA was synthesized with the RevertAid™ First Stand cDNA Synthesis kit (Fermentas). Quantitative PCR was performed using the BioRad Chromo4 real-time PCR system. At the endpoint of PCR cycles, melting curves were constructed to check product purity. The mRNA level of ZNF217 and CYP24A1 was expressed as a ratio relative to the GAPDH mRNA in each sample. Exploratory data analysis using box plots was applied to visually identify the expression level of target mRNA.
Statistical analysis. Stastistical analysis was performed using the Chi-square or Fisher's exact test. P<0.05 was considered to be statistically significant.
Results
Gene copy number gains of ZNF217 and CYP24A1 in CRC samples. To investigate whether the CNVs of ZNF217 and CYP24A1 in CRCs were acquired or inherited DNA aberrations, we collected 152 genomic DNA samples from healthy individuals for CNV analysis and compared them to the adjacent normal tissues (ANTs) from the CRC patients. As shown in Table I , no statistical difference in copy number distribution between the ANTs and healthy normal controls was observed, which indicated that the CNVs of the two genes in CRCs were more likely to be 'acquired'. Moreover, ANTs may have been used as controls for the cancer tissues in this study. 
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Copy no. Table II shows the CNVs of ZNF217 and CYP24A1 in CRC samples and the matched ANTs. A total of 145 CRC samples were examined. A relatively high percentage of CRC samples showed an amplification of CYP24A1 (51.1%, 74 out of 145) and ZNF217 (60%, 87 out of 145). A copy number increase of ZNF217 and CYP24A1 was observed in all stages of CRC, and a significant correlation was found between the gene copy number gains of CYP24A1 and ZNF217 and tumor progression (P<0.05). Co-existent increases of CYP24A1 and ZNF217 were found in a relatively high percentage of CRC samples with copy number amplification of CYP24A1 (64.7%, 33 out 51) and ZNF217 (55.9%, 33 out of 59).
ZNF217, but not CYP24A1, shows a positive correlation between copy number increases and mRNA overexpression. To determine whether the CNVs of ZNF217 and CYP24A1 have a genotype-phenotype correlation in CRCs, we first compared the mRNA expression levels of CYP24A1 and ZNF217 between the CRC samples and the matched ANTs by quantitative real-time RT-PCR. As shown in Fig. 1A and B, increased mRNA expression levels of both CYP24A1 and ZNF217 were observed in the CRC tissues compared to the ANTs. These results were consistent with previous findings (19, 20) .
Gene CNVs contribute to qualitative and quantitative diversities in their gene products. We selected the samples with increased or unaltered copies of ZNF217 and CYP24A1 and tested whether the mRNA expression levels of ZNF217 and CYP24A1 correlated with the copy numbers. The samples with decreased copies of CYP24A1 (7 out of 145) and ZNF217 (4 out of 145) were not included due to the small sample size. As shown in Fig. 1C and D, the CRC samples in the group with amplified copies of CYP24A1 and ZNF217 showed a markedly increased mRNA expression compared to the ANTs (P<0.01). However, the groups with unaltered copies of CYP24A1 and ZNF217 also showed a relatively increased mRNA expression in the CRC samples (P<0.05). No significantly statistical difference in the mRNA expression was present between the CRC samples in the groups with amplified and unaltered copies of CYP24A1 (P=0.092). By contrast, the group with DNA amplification of ZNF217 showed an increased mRNA expression compared to that with unaltered DNA copies (P<0.05). 
Discussion
Although cancer is widely regarded as an acquired disease, familial predisposition plays a significant role in many cancer types. A number of highly penetrant cancer-predisposing genes correlated with CRC have been identified [DNA mismatch repair genes (25) , APC, SMAD4, BMPR1A and MuTYH (26)]. However, these genes explain only a fraction of the familial and/or hereditary cases of cancer. CNVs identified by CGH and array technology have the potential to directly or indirectly impact the susceptibility of a healthy individual to cancer, for example by varying the gene dosage of tumor suppressors or oncogenes (14, 27) . However, many discrepancies exist among previous studies which used high-resolution approaches to screen CNVs (28) (29) (30) (31) (32) . Thus, validation of such CNVs using a large number of clinical samples is required.
It has been suggested that the genes present in very small regions of CNVs are excellent candidates for evaluation in cancer pathogenesis (33) . Examination of the CNVs for such genes aids in the understanding of the roles these CNVs play. A previous study found that the chromosome 20q13.2 region involving ZNF217 and CYP24A1 was amplified in CRC samples (13) . Findings of this study showed that the amplification of ZNF217 (87 out of 145) and CYP24A1 (74 out of 145) was common in CRC samples in the Chinese patient population studied. Furthermore, CNVs of CYP24A1 and ZNF217 were found to correlate with gastric cancer progression. Co-existent increases of CYP24A1 and ZNF217 were found in a relatively high percentage of CRC samples with copy number changes, which may be due to the co-localization of these changes on the chromosome. However, we found that ZNF217 and CYP24A1 were also deleted in a small percentage of samples (4 and 7 out of 145, respectively). This discrepancy may be due 
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to the different races and populations used in the studies as well as the different research methodologies. In contrast, we used a gene-specific strategy to target short fragments (several hundred base-pairs) with an increase in sensitivity.
CNVs are considered to have a genotype-phenotype correlation. Phenotypic effects of genetic differences, such as CNVs, are likely to be caused by changes in expression levels (34) (35) (36) . We investigated the correlation between the mRNA expression levels of ZNF217 and CYP24A and the copy numbers of their DNA. Notably, the correlation was not as positive as expected, although a statistical difference was obtained. This result is consistent with two recent reports which assessed an over-representation of differentially expressed genes among CNV-mapping transcripts and observed a weak but significant positive correlation between the relative expression level and gene dosage (37, 38) . In the present study, the CRC samples with increased CYP24A1 copies showed an enhanced expression level of mRNA, similar to the samples with unaltered DNA copies. The significantly altered CYP24A1 expression in CRCs may be due mainly to another mechanism (such as methylation). However, in the case of ZNF217, a statistical difference in mRNA expression was observed between the groups with amplified and unaltered DNA copies. CNVs thus played a role in the overexpression of the ZNF217 mRNA in CRCs.
In a small percentage of samples, the recorded relative expression levels were inversely correlated with copy numbers (Table III) . This type of inverse correlation was also noted in previous studies (37, 38) . The mechanism of this phenomenon is poorly understood, but may be elucidated by two models. In the first model, a negative correlation between the number of copies and relative expression is explained by immediate early genes, which directly or indirectly induce the expression of a repressor that, by a negative feedback loop, reduces or even abolishes the expression of the CNV gene. In the second model, the extra copies of a gene impair, through steric hinderance, the access of genes to a specific transcription factor, where this particular locus should be transcribed (39) .
Taken together, our findings showed that the CNVs of ZNF217 and CYP24A1 have the potential to serve as diagnostic indicators for colorectal malignancies, alone or in combination with other markers. A copy number increase of ZNF217 was correlated with the overexpression of mRNA in the CRCs. However, the role of CNVs, the different characteristics of CNVs between colorectal and other gastrointestinal malignancies and the underlying mechanisms of the heterogeneous expression levels require extensive investigation in the future. 
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